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Matter

5

9

Particle model

»»The basics
Water is all around us. It can be found on Earth as ice and
snow when it is very cold. It can be found as a liquid when it
is warmer. And it can be found as a gas when it is very hot.
But water is not the only substance that can be found in three
states of matter. Almost every pure substance can be turned
into solid, liquid and gas if we get the conditions right.

▲ Water is found in three states on Earth, as seen in this iceberg (solid), lake
(liquid) and geyser (gas)
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Solids, liquids and gases

Key words
Melting is when a solid turns into a
liquid when it is heated.
Boiling is when a liquid turns into
a gas when it is heated above its
boiling point.

6

Solids are things that have a fixed shape. A wooden table is made
from wood, which is a solid. Your water bottle is probably made
from plastic, which is a solid. The legs of the chair that you are
sitting on are probably made from steel, which is also a solid.
When most pure solids are heated, they turn into a liquid. This is
called melting. When you are cooking, you may heat some butter
in a saucepan. It will melt from a solid into a liquid. A liquid does not
have a fixed shape, so it can be poured into a different container.
Cooking oil is a liquid, and so is the petrol or diesel that cars use as
fuel.
When most pure liquids are heated, they turn into a gas. This is
called boiling. When water is heated, it turns into steam. Gases
do not have a fixed shape, and they spread out to take up as
much space as possible. Air is a mixture of lots of gases, including
nitrogen, oxygen and carbon dioxide.

Transistion
The temperature that a substance melts at is called its melting
point. The melting point of ice is 0 °C (degrees Celsius). The melting
point of chocolate is around 34 °C, which is why it melts in your
mouth, which is 37 °C.
The water cycle below describes how water changes state and
moves around on Earth. Water evaporates from lakes and the
oceans when it is warmed by the sun. It cools in the atmosphere
and condenses to form clouds, which produce rain. In cold
conditions, the water falls as snow instead of rain.
Condensation

Precipitation

Wind direction

Water storage in
ice and snow

Water storage in
the atmosphere

▲ Ice melts into liquid water at 0 °C

Key words

Precipitation

Evaporation

Evaporation is a similar but slower
process to boiling, when a liquid turns
into a gas below its boiling point.

Evaporation

River

Condensing is when a gas turns
into a liquid when it is cooled.

Some people think that
water is the only substance
that can exist as a solid,
liquid and gas! This isn’t
true. If you look at a candle
which is burning, the solid
wax melts near the wick to
make liquid wax. But the
flame is where the wax is so
hot that it turns into a gas
before burning.

▲ The water cycle

Worked example
Describe what happens to some cooking fat when it is taken out of
the fridge and put into a hot frying pan and heated very strongly
until it is at a very high temperature.

The fat heats up in the pan and eventually gets to its
melting point. This is when it turns into liquid fat. When
it gets very hot, it will reach its boiling point, and then it
turns into a gas.

Apply
1 Sort these substances into solids, liquids and gases, when they
are at room temperature.

Key facts
➜ Solids have a fixed shape.
➜ Liquids can be poured
because they don’t have a
fixed shape.
➜ Gases spread out to
take up as much space
as possible inside a
container.
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Common error

Water
storage
in oceans

2
3

orange squash, chocolate, hydrogen, wood, carbon dioxide, oil

Which of these processes explains why a cold window mists up
when you breathe on it?
melting, freezing, boiling, condensing
Name two changes of state that take place when a substance
cools down.

4 Describe how rain forms as part of the water cycle.

7

»»A model of solids,
liquids and gases

Key word
9 Particle model

A model in science doesn’t have to
be a small scale representation of a
larger object, like a model aeroplane
is a small version of an aeroplane.
We use the term model when we
have developed a way to explain
something tricky.

Common error
There is nothing in between
the particles in a solid,
liquid and gas. It is empty
space. We sometimes call
this a vacuum.

Solids have a fixed shape, but why? We know that liquids, like
water, can be poured, but what makes them do this when solid
substances do not normally flow? And what explains why gases
spread out so easily, to take up all the space in a container?
Scientists have developed a model to help explain the typical
properties of solids, liquids and gases. This model is called the
particle model, or the kinetic model.
A particle is a very tiny object. Some particles can be seen with
the human eye, like a grain of sand. Other particles, like atoms and
molecules, are too small to be seen, even with a microscope. When
we describe the particles in solids, liquids and gases, we are talking
about atoms and molecules. These particles are always moving,
which is why the model is sometimes called the kinetic model.
Look at the diagrams below, which show how particles are arranged
in a solid, liquid and gas.

Solid

• Particles are packed
closely together.
• Particles have a regular
arrangement.
• Particles have strong
forces of attraction
between them.

• Particles are packed
closely together with
some small spaces.
• There is a random
arrangement of particles.
• Particles have quite
strong forces of attraction
between them.
• Particles are fixed in place. • Particles can move over
• They move only by
each other as well as
vibrating.
vibrating.
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How are the particles
arranged?

How do the particles move?

Key word
A property of a substance is a word
that can be used to describe how it
behaves. Examples of properties are:
high melting point, good conductor
of electricity, hard, strong, etc.
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Liquid

Gas

• Particles are spread far
apart with large spaces
between them.
• There is a random
arrangement of particles.
• Particles have very weak
forces of attraction
between them.
• Particles move quickly in
straight lines.
• Particles bounce off each
other and the walls of the
container.

The particle model of the three states of matter is useful for us
because it helps to explain the typical properties of solids, liquids
and gases.

A model of solids, liquids and gases
Common error
l

l

When a solid expands
the particles do not get
bigger. The particles stay
the same size, but they
vibrate more and move a
little further apart.
Many students draw
diagrams of liquids with
lots of spaces between
particles, but this space
could be squashed under
pressure, and liquids
cannot be compressed.

Solids
Solids have a fixed shape because the particles are fixed in place.
Solids expand when heated because the extra energy makes the
particles vibrate faster so they move slightly further apart. Solids
are often good conductors of heat because the vibrating particles
at one end of the solid bump into their neighbours, and pass their
energy (vibrations) along.

Liquids
Liquids can be poured from one container to another because the
particles can move freely over each other. Liquids are incompressible
(cannot be squashed) because the particles are mostly touching.

Gases
Gases take up all the space in a container because their particles
move very fast until they bounce off the walls of the container. The
particles only have very weak forces of attraction between them,
and are too light to be affected by gravity.

Worked example

Solids have a fixed shape because they are made from
particles which are fixed in place in a regular arrangement.
They cannot be compressed because each particle is
touching the neighbouring particles, so they cannot be
squashed any closer together.

Know
1 Which state of matter contains particles which are fixed in place?
2 Describe the arrangement and movement of particles in a solid.
3 List the typical properties of a liquid.
Apply
4 Describe two differences between the arrangement of particles
in a solid and a gas.

Extend
5 Predict whether a lump of solid iron would float or sink in a
6

It is often a good idea to use the
word because when answering a
question which asks you to explain.
Try to use key terms accurately, like
this.
So and therefore are both words
that can be used to link ideas in an
explanation.
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Using ideas about the particle model, explain why solids have a
fixed shape and cannot be compressed.

container of liquid iron.

Water is considered to be a very unusual substance because it
expands when it freezes. Use the particle model to explain why
this is so unexpected.

9

»»Changes of state
9 Particle model

A pure substance can change from one state to another. This is
usually caused by a change in temperature. These changes have
specific names, as shown in the diagram below.

boiling

melting

condensing

freezing

Solid

▲ Using the particle model to explain
changes of state

Key words
Melting is when a solid turns into
a liquid.
The melting point of a solid is the
temperature at which it melts when
it is heated.
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Freezing is when a liquid turns into
a solid as it cools down.

Key words

Boiling is when a liquid turns into a
gas at its boiling point.
The boiling point of a liquid is the
temperature at which it boils when it
is heated. It is usually the maximum
temperature that a liquid can be
heated to.
Condensing is when a gas turns
into a liquid.
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Liquid

Gas

Melting and freezing
When a pure substance is heated, the particles gain energy and
vibrate more quickly in their fixed positions. Eventually, they gain
enough energy to break free from their neighbours and they can
then move over each other. The solid turns to a liquid and this is
called melting.
A solid melts at a specific temperature, which is called its melting
point. Different pure substances have different melting points, as
you can see from the table below. Adding another substance will
change the melting point, so when salt is added to ice it lowers the
melting point, often causing it to melt.
Substance
Ice
Copper
Sodium
Methane
Mixture of salt and ice

Melting point (°C)
0
1085
98
−183
−21 to −1

When you cool a liquid down below its melting point, it will turn into
a solid. This process is called freezing.

Boiling and condensing
When a liquid is heated, the particles gain energy and move around
more quickly. Eventually, they gain enough energy to escape from
the liquid and the liquid turns into a gas. This is called boiling, and
it takes place at a temperature known as the boiling point. Adding
impurities to a liquid changes its boiling point.
When you cool a gas down below its boiling point, it will turn into
a liquid. This is called condensing. Condensation forms on cold
surfaces when they are near to warm gases, such as a cold window
in the bathroom when you are taking a shower.

Changes of state
Key word

Evaporation

Evaporating is when a liquid, at a
temperature below its boiling point,
slowly turns into a gas. Molecules
escape from the surface when they
have enough energy.

Evaporating is a similar process to boiling, but it takes place
more slowly, and the liquid does not have to be heated to its
boiling point. Water evaporates from lakes and oceans during the
water cycle, but the water is well below 100 °C! Evaporation only
occurs at the surface of a liquid, but boiling can occur throughout a
liquid, especially if it is heated from below. This is why you can see
bubbles rising through a pan of water being heated on a stove.

Worked example
The boiling point of zinc is 907 °C. Its melting point is 420 °C.
Work out what state zinc is in at the following temperatures:
100 °C, 500 °C, and 1100 °C.

It is important to recognize that
this question has three parts and
will require an answer that is in
three parts.

When a substance is colder than its melting point, it is
a solid, so zinc is a solid at 100 °C. When it is heated to a
temperature above its melting point, it turns into a liquid,
so zinc is a liquid at 500 °C. When the zinc is heated above
its boiling point, for example 1100 °C, it turns into a gas.

Know
Extend
1 What term is given to the temperature at which 7 Suggest why adding salt to the roads would not
3
4

State the boiling point of water, in degrees
Celsius.
State what happens to liquid mercury when it
is supplied with energy.
Describe how the arrangement and movement
of the particles changes when steam
condenses into liquid water.

Apply
5 Explain why salt is added to the roads in the UK
6

in winter.

Aluminium has a melting point of 660 °C and
a boiling point of 2470 °C. Work out what state
aluminium is in at the following temperatures:
1200 °C, 100 °C, 3100 °C, 0 °C, and −200 °C.

8
9

work in Siberia (northern Russia) in the winter.

Suggest an approximate boiling point for
oxygen. Explain your answer.
Xander suggests that hot water will freeze
more quickly than cold water. His friends do not
believe him. You are going to help to design an
investigation that will enable Xander to see if
his suggestion was correct.

a) Suggest why Xander’s friends do not believe

Dr
af
t

2

a substance turns from a solid into a liquid?

him, using ideas about energy and changes
of state in your answer.

b) Describe a simple method that Xander could
use in his investigation, using a freezer and
some ice cube trays.

c) What would be the independent variable in
Xander’s investigation?

d) What would be the dependent variable?
e) List some variables that Xander would have
to control in his investigation in order to
make it a fair test.

The full book will also include a section called 'Sublimation, diffusion and pressure'.
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»»Extend
Key word

9 Particle model

Limitations are the weaknesses of
a model.

When scientists develop a model, like the particle model of
solids, liquids and gases, they hope that other people will
find it useful to help to explain things. However, scientists
accept that no model can be perfect. Sometimes, a new
model is suggested that does a better job of explaining
the same thing. Other times, they simply acknowledge the
limitations of the model (what it is unable to explain).

The limitations of the particle model
Have a look at the picture on the left. It is a very famous
experiment, called the pitch drop experiment. The pitch (or tar) was
placed into the funnel in 1927 and it drips once approximately every
ten years. Does this make it a liquid?
You can make a non-Newtonian fluid yourself. Mix cornflour with a
little water using a strong wooden spoon. You will find that if you
stir it slowly, it acts like a liquid. If you stir it fast, it acts like a solid
and cracks into pieces. You can even smash it with a hammer. But
afterwards the pieces flow back together like a liquid.
▲ The world-famous pitch drop
experiment
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Key word

Density is the mass of a substance
divided by its volume. Density may
have units of kg/m3, or g/cm3.

▲ Nitrogen dioxide gas is very dense

12

▲ Cornflour and water paste. It acts like a liquid when it is stirred slowly, but acts
like a solid when stirred quickly

Some gases have a very high density. This means that a specific
volume of the gas has a high mass, compared with other gases.
One example is nitrogen dioxide (NO2). Nitrogen dioxide is a toxic
and corrosive brown gas. Because it is denser than air, it stays in
the bottom of this beaker, and can be poured out of the beaker, just
like a liquid. However, if you leave it long enough it will diffuse and
fill up all the space available to it, like all gases.

Extend

Brownian motion
In 1827, the plant biologist Robert Brown was looking at pollen
grains in water through a microscope and he noticed some tiny
particles moving in the water in a jittery motion. He couldn’t explain
why they were moving. It was not until 1905 that Albert Einstein
proposed an explanation for the random movement. These tiny
particles were being jostled about by the random collisions of even
smaller particles (molecules of water) which were too small to be
seen, even using a very powerful microscope.

▲ Robert Brown, 1773 – 1858

Imagine a huge crowd of people at a concert, jumping up and
down. Now imagine dropping a huge beach ball into the crowd.
Imagine you are watching from high above the crowd in a
helicopter. Can you predict what would happen to the beach ball?
Would it stay still? In this analogy (or model) the beach ball is the
small particle that Brown was watching, and the people are the
molecules of water, too small to be seen.

Tasks
Why is it called ‘Brownian motion’?

❶ Use ideas about Brownian motion to explain why the coal dust
particles were moving on the surface of the alcohol.
❷ Suggest why Ingenhousz was not given the credit for how important
his coal dust observations would later turn out to be. Why was it
called ‘Brownian motion’, and not ‘Ingenhousz motion’?
❸ Why do you think that it wasn’t called ‘Einsteinian motion’?

Slime
You might have had a chance to make slime at school or at home. You
can do this by mixing white PVA glue with a solution of laundry starch
or borax. Slime can be stretched between your hands, rolled into a ball,
bounced on the floor, poured from one container into a puddle (very
very slowly) and does not evaporate if left for three days.
❹ What properties from those listed above, or your own experience of
slime, suggest that it is a liquid?
❺ What properties suggest that it is a solid?
❻ Do you think that slime should be classified as a solid or a liquid?
Justify your decision.
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Robert Brown was not the first person to observe tiny particles moving
randomly under a microscope. In 1785, forty-two years earlier than
when Brown observed his pollen grains, a Dutch scientist called Jan
Ingenhousz observed a similar thing. Ingenhousz was looking through
a microscope at particles of coal dust on the surface of alcohol. He
noticed that they moved around in an unpredictable and irregular way.

▲ Jan Ingenhousz, 1730–1799

Further research
See if you can find out what
the meaning is of the terms
‘triple point’, ‘critical point’
and ‘supercritical fluid’.
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Enquiry:
9 Particle model

Solid liquid or gas?
Key word
A secondary source is a source
of data which was not collected by
your own experiment. This could
include a data book, or someone
else’s research.

Graphs can help us to spot patterns and identify trends in data
that we have collected ourselves, or found from secondary
sources.
Data can be described using lots of key words.
Continuous data is a set of data where the values can be any
number. It does not need to be whole numbers. It will usually
have units and these should be included on the labels for an
axis on a graph. Examples of continuous data in science include
length, mass, temperature and electrical current.
Discontinuous data is when the values are words or discrete
numbers. One example is shoe size, because you can be size 5,
or a size 5½, or a size 6. But you cannot be a size 5.2. Another
example is hair colour. Sometimes you hear discontinuous
data being called categoric data, because it describes different
categories, e.g. hair colour.
In an investigation, the variable that you choose to change
is called the independent variable. This always goes on the
x (horizontal) axis of a bar chart or line graph. The variable
that you decide to measure is called the dependent variable,
because its value usually depends on the change you make to
the independent variable. The dependent variable goes on the y
(vertical axis) of a bar chart or line graph.
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Different sets of data usually need to be plotted on different
graphs or charts.
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Pie chart
This gets its name from the shape of a pie when it is cut into
pieces, and it shows the percentages of different categories. The
whole circle (or pie!) is 100%. For example, what percentage of
our electricity comes from different energy resources?

Bar or column chart
This displays the numerical values of different categories. For
example, how many people in the class have brown, blue or
green eyes?

Enquiry: Solid, liquid or gas?

Scatter graph or line graph
This is the graph to use when both the independent variable (x
axis) and the dependent variable (y axis) are continuous. It shows
whether there is a correlation between the two variables. If there
is a clear pattern, and a line of best fit can be drawn which shows
this trend, then we call the graph a line graph. The line of best fit
could be straight on some graphs and curved on other graphs,
as long as it follows the trend in the data points. Without a line of
best fit, it is a scatter graph. For example, is there a relationship
between the force on a spring and its length?

Key word

Representing data on melting points and
boiling points
Look at the graph below, which shows the melting and boiling
points for some different substances. We can call this type of
bar chart a ‘stacked bar chart’. For each substance, the melting
point is shown at the top of the blue bar and the boiling point
is shown at the top of the red bar. The temperatures in the
table and on the graph are measured in units called kelvins, K.
This scale of temperature has no negative values, because zero
kelvin is the lowest possible temperature, called absolute zero.

4000

Substance

3500
3000

Helium

Melting point
(°K)

Boiling point
(°K)

1

4

Water

273

373

1500

Carbon dioxide

195

195

1000

Tin

505

2875

1986

3220

Mercury

234

630

Sulfur

388

718

2500
2000

Silicon dioxide

500
0
Helium

Water

Carbon
dioxide

Tin

Key
Solid

Liquid

Gas

▲ A stacked bar chart showing the
melting and boiling points of a variety
of substances

Silicon Mercury Sulfur
dioxide
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Melting and boiling point (°K)

A correlation is a link or pattern
between two variables. If there is
a sensible explanation for a link
between the two variables, we
might suggest that changing one
variable causes a change in the
other.

❶ Which substance has its melting point very close to 500 °K? Is it
easiest to find this answer from the table or from the graph?
❷ Which substance has the highest boiling point? Is it easiest to find
this answer from the table or from the graph?
❸ Which substance is almost always a gas? Is it easiest to find this
answer from the table or from the graph?
❹ Which substance is a liquid over the greatest temperature range
(for temperatures lower than 4000 °K)? Is it easiest to find this
answer from the table or from the graph?
❺ Which substance has the highest melting point? Is it easiest to find
this answer from the table or from the graph?
❻ Which substance cannot exist as a liquid according to the data
presented here? Is it easiest to find this answer from the table or
from the graph?
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